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Disease progression

Invasive 

cervical cancer

Time YearsMonths

Normal 

epithelium
HPV infection;

koilocytosis

CIN I CIN II CIN III

CIN I 57%       CIN II 43% CIN III 32%

Approx. likelihood of regression

Burd EM. Clin Microbiol Rev 2003; 16: 1–17.

Ostor AG. Int J Gynecol Pathol 1993; 12(2): 186-192. 

Solomon D et al. JAMA 2002; 287: 2114–9.

Borderline                      Mild             Moderate         Severe         Dyskaryosis



HPV life cycle

Normal

Y   Y
* *

1.  Viral entry to 

basal cells

2. Viral genes replicated and maintained 

as low copy episomes.  Early genes (E6, 

E7) expressed at low levels. E1 and E2 

most active

3. Virus amplification. High copy numbers 

of HPV genome expressed. All early 

genes are highly expressed (E4, E6. E7, 

E1, E2)

4. Assembly of late capsid proteins. 

Virions formed and released. L1 and L2 

expressed.



Cervical cancer is a 
rare complication of a 

common HPV 
infection of the cervix 

Age-specific prevalence of oncogenic HPV 
infection and incidence of cervical cancer5



Characteristics of the population

These women are commonly young…

The impact on future pregnancies is important…

What are the challenges in cervical pathology?...

Improve 
efficacy of 
treatment

Choose right 
Tx for right 

woman

Reduce 
morbidity

Personalise
management



• Effectiveness of screening has reached plateau…
Peto Lancet 2004

• Cytology and Colposcopy have limitations…
Cuzick IJC 2006

• We need to identify
- infections that have a true progressive potential…

- which of those with abnormal cytology have clinically significant lesions…

- which women would benefit from treatment to minimise morbidity…
Kyrgiou Lancet 2006; Kyrgiou BMJ 2014; Kyrgiou BMJ 2012

• We need to reduce cost & anxiety for clinically insignificant lesions…
Tombola BMJ 2009

We need to personalise care…

Explosion of new HPV biomarkers
Why is personalised Mx needed…?

When and who….?



Why such a big need to personalise?

Better Accuracy means… 

better diagnosis       

better prevention

less cancer….

Better Accuracy means…

Less over-intervention

Less over-treatment

Less morbidity….

Service…

Triage means 
selection of those that DO

need colposcopy
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Limitations of  Cytology

• False negative results ~ 20-25%
(10-80%) 

• Failure to detect a significant 

number of invasive Cx Ca (33-

47%) 

Sasieni 1996 & Ferriman A 2001

• Subjectivity (variations in 

evaluation among 

cytopathologists)           

Stoler 2001

Cytology Sensitivity - CIN2+ (all ages) 
Cuzick Int J Cancer 2006

Region Study FN smears (%)

Scandinavia Rylander 1976 44.8

Scandinavia Stenkvist 1996 20.0

UK Walker 1983 23.1

UK Choyce 1990 54,5

UK Sasieni 1996 26,7

USA Brown 1982 36,6

USA Berkowitz 1979 55,5

USA Sung 2000 28.0

USA Leyden 2005 32.0

Spence et al Prev Med 2007

Proportion of women with Cx Ca who 
had FN smears 0-6y prior to diagnosis



Colposcopic impression of

Benign 
changes

HG SIL Cancer

15% LG SIL
9% HG SIL
3% cancer

85% HG SIL
or

cancer

16% 
Benign changes

or CIN1

Actual histology

Accuracy of Colposcopy 
• 84,244 pts

• Accuracy of colposcopy improved as severity increased

Benedet Gynecol Oncol 2004



Cancer

High-grade SIL

(CIN 2-3)

Low-grade SIL (CIN 1)

Subclinical HPV infection

*The number of cases (USA data) and percentages in each disease category are estimates.
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Natural History of HPV infection
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regression
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M Kyrgiou et al. 2006M Arbyn, M Kyrgiou et al. 2008M Kyrgiou et al. 2014

M Arbyn, M Kyrgiou et al. 2014
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M Kyrgiou et al. 2015 M Kyrgiou et al. 2015

(in press)

Cervical Cancer & Reproductive Morbidity



4.91 [2.06, 11.68]2.77 [1.95, 3.93]1.93 [1.62, 2.31]1.54 [1.09, 2.18]

<10/12mm >10/12mm >15/17mm >20mm

The treatment effect increased with increasing Tx cone length/volume…

2016



Psychological Morbidity

• TOMBOLA study 

(Trial of Management of Borderline & 
Other Low grade Abnormal Smears)

- women with LG smears report anxiety 
levels similar to those found by other 
studies in women with HG smears 
when referred to colposcopy

- Young women suffered more anxiety 
compared to older women

Tombola 2009





What are the challenges in cervical pathology?...

Special characteristics of the population…

Detect women 
with HSIL with 

accuracy

Detect true 
progressors

Personalise management



What are the challenges in cervical pathology?...

Special characteristics of the population…

Detect women 
with HSIL with 

accuracy

Detect true 
progressors

Personalise management

Rapidly evolving time: HPV-based screening, 
vaccinated cohorts, several biomarkers --- complex 
network of clinical groups… --- lack of algorithms...



Which ones are ready for Clinical Use….?

What do they add to Clinical algorithms…?

FU post-Tx Triage ASCUS Triage LSIL 1ary screening

HPV DNA test…

?mRNA
?p16/Ki67

?mRNA
?p16/Ki67

?mRNA



What are the challenges in cervical pathology?...

Special characteristics of the population…

Detect women 
with HSIL with 

accuracy

Detect true 
progressors

Personalise management





Cancer

High-grade SIL

(CIN 2-3)

Low-grade SIL (CIN 1)

Subclinical HPV infection

*The number of cases (USA data) and percentages in each disease category are estimates.

80%
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30%

Spontaneous 
regression

15 + years

20%

15%

20%

Treatment necessary

Natural History of HPV infection…
But is there more to it than just the 

detection of HSIL…?

Spontaneous 
regression

Spontaneous 
regression



Cancer

High-grade SIL

(CIN 2-3)

Low-grade SIL (CIN 1)

Subclinical HPV infection

But what really determines the direction?



Host Microbiome Virus

Genetic factors

Environmental factors

Immunological function

Antimicrobial peptides

Subtypes

Methylation
Epigenetics

HPV infection/CIN:

Microbiome/virome

What causes promotes cervical carcinogenesis?

Metabonome –
Biochemical 
fingerprint



Characterization of the vaginal microbiome in women with CIN
Mitra A, MAcIntyre DA, Lee YS, Smith A, Marchesi J, Holmes E, Nicholson J, Paraskevaidis E, Bennett PR, Kyrgiou M

Snethia

Scientific Reports 2015



The role of antimicrobial peptides & the impact on reproduction

Woodman PLOS One 2013

Previous data suggested that AMPs may 
correlate to 

HPV persistence…

hBD-1:total protein concentration - effect of treatment
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Lambda = 1.02

GWAS Finnish cohort (NFBC66) (awaiting UK Biobank)

N=5402 with genotype data

CIN / Cervical Cancer Cases = 353

Controls = 1868

Public Health
MR Jarvelin
E Evangelou

J Tzoulaki



HPV methylation

Methylation of CpG sites in 
the HPV genome associates 
with CIN & Ca

HPV 16 methylation to serve 
as a predictive biomarker …

Kottaridi, Kyrgiou, Pouliakis, Magkana, 
Aga, Spathis, Mitra, Makris, Chrelias, 
Mpakou, Paraskevaidis, Panayiotides, 

Karakitsos J Inf Dis 2017. 



Metabonomics: the whole System’s Biology…

Classification of cervical cytology for HPV infection using biospectroscopy
and variable selection techniques

De Lima KMG, Gajjar K, Valasoulis G, Nasioutziki M, Kyrgiou M, Karakitsos P, Paraskevaidis E, Martin-
Hirsch P, Martin F 

Analytical Methods 2014 



Is its needed…?     YES

Who would benefit….?



Decision-making

Cytology

Compliance

Characteristics

Colposcopy

+/-biopsies

Pregnancy

Morbidity

Anxiety

HPV status Cost



‘Well the HPV test is positive but the 
genotyping shows 33… and the 

viral load is low… then… well 
depends as the mRNA is positive 

but …the p16 is negative… 
although the cytology was…and 

my colposcopy …’

Challenges in Screening & Management of CIN...

Women: Young women, Reproductive & Psychological morbidity

Clinicians & Health System: ‘jungle’ of biomarkers, HPVscreening, 
vaccines, complex network of clinical groups, personalised care

Arbyn, Vaccine 2012 // 

Ronco, Lancet 2013 // 

Koliopoulos 2007 



What is the threshold for Tx?

Decision-making more complex…

Biomarkers



Decision Clinical Support Scoring System

ProgressionPersistenceRegression

Starting Line:

Cytology OR
HPV DNA test

+

Patient 
characteristics

Colposcopy

Best combination 
of biomarkers…



http://cxcadss.biomed.ntua.gr/ Select Demo
Gynecologic Oncology 2016

http://cxcadss.biomed.ntua.gr/


Conclusions

Improve detection of women with HSIL…

Predict which will progress…

Ability to select the right person for the right Mx… 

Personalise care (‘one model DOES NOT fit all’)

Approach the whole system’s biology

Complex interplay with microenvironment: host, HPV, microbiome

Potential for new horizons of research and new treatments

HPV vaccine – better screening: Cx Ca will become a rare tumour…

Major advances in pre- and invasive Cx Disease…

Continue to do research…
We can do even better...



Personalised

Medicine…



To improve Oncologic & Reproductive outcomes for patients…

Thank you...





Mutualism
ˈmjuːtʃʊəlɪz(ə)m,-tjʊə-/

Relationship beneficial to both 
organisms involved

Commensalism
/kəˈmen.səl.ɪ.zəm/

Relationship between two 
organisms where one organism 
benefits from the other without 

affecting it

Symbiosis 
A close, prolonged association 
between two or more different 
organisms of different species





“Messieurs, c'est les 
microbes qui auront le 
dernier mot”

Gentlemen, it is the 
microbes who have the 
last word.

Louis Pasteur



To improve Oncologic & Reproductive outcomes for patients…

Thank you...



One size fits all…

A Tailored Approach…







‘Excisional treatment increases 
the risk of PTB by up to 2.5 

times…’

‘Until well designed prospective 
studies using stratification 
according to proportion of 

excision become available, the 
issue remains unresolved…’

‘The risk of perinatal mortality 
& severe PTB is also increased 

with cervical excision…’

M Kyrgiou et al.      2012

M Arbyn et al.     2008

M Kyrgiou et al.      2006

Treatment for CIN and Risk of PTB

M Arbyn et al. 2014

‘Optimal balance between risk 
of cancer and obstetric 

safety…’



Ghaem-Maghami S et al. 
Lancet Oncology 2007

Risk of recurrence ~ margins

18% vs 3%

February 2014

Optimal  balance between 
risk of cancer & obstetric safety…                                   

Arbyn , Kyrgiou, Gondry, Petry,Paraskevaidis

BMJ Editorial 2014

Increase in the risk of post-Tx cervical cancer…
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Preterm delivery (<37W): Excision vs no treatment ~heigth

Risk ratio
.1 .2 .5 1 2 5 10

Study
Risk ratio

(95% CI)

Raio, 1997 0.52 ( 0.06, 4.83)

Sadler, 2004 0.99 ( 0.57, 1.72)

Samson, 2005 3.02 ( 1.65, 5.53)

Nohr, 2007 0.83 ( 0.21, 3.25)

Simoens, 2012 1.50 ( 0.36, 6.21)

Overall 1.38 ( 0.71, 2.68)

Risk ratio
.1 .2 .5 1 2 5 10

Study
Risk ratio

(95% CI)

Raio, 1997 4.64 ( 1.20, 17.88)

Sadler, 2004 1.64 ( 1.13, 2.37)

Samson, 2005 3.84 ( 1.66, 8.88)

Nohr, 2007 2.46 ( 1.45, 4.16)

Simoens, 2012 3.43 ( 1.45, 8.13)

Overall 2.49 ( 1.70, 3.66)

≤ 10 mm > 10 mm

Kyrgiou Lancet 2006

Depth of Excision …



Cone Volume

Khalid BJOG 2012

3-fold increase in PTL risk if

- Volume > 6cm3

- Thickness > 12mm

Repeat conisation

Noehr AJOG 2009: x 4 PTB
Ortoft BJOG 2010: ePTB x5 – PM x3

Series of publications
Noehr et al.

Obstet Gynecol 2009a
Obstet Gynecol 2009b

Am J Obstet Gynaecol 2009 



Are you confused?....



Fertility & Pregnancy outcomes 
after CIN treatment

Kyrgiou M, Mitra A, Arbyn A, Stasinou M, Martin-Hirsch P, Bennett P, Paraskevaidis E 

BMJ 2014

Fertility outcomes: 

- no adverse effect

- PR: treated (43%) > untreated 
(38%)

- ? Longer time to conception 
(NS)

- No data on depth of excision, 
number of Tx…

- Multifactorial nature

	



Fertility & Pregnancy outcomes 
after CIN treatment

Kyrgiou M, Mitra A, Arbyn A, Stasinou M, Martin-Hirsch P, Bennett P, Paraskevaidis E 

BMJ 2014

Early pregnancy outcomes:

- 2nd trimester miscarriage: 
RR: 2.6 (1.46-4.67) 
Treated 1.6% vs Untreated 0.4%

Pregnancy outcomes:
Ongoing…

	



The Role of the Depth of Excision….

Produced by Marc Arbyn



What causes preterm birth after CIN treatment?

Treatment CIN
Intrinsic 

abnormality

Mechanical integrity
Founta BJOG 2010
Khalid BJOG 2011 

Structure of cervix
Phadnis BJOG 2011

Immunological function
Paraskevaidis BJOG 2007

Vag microbiome/metabonome

Women HPV/CIN – PTB:

Impaired immunity 
(AMPs, leucocytes…)
Woodham PLoS One 2012

Microbiome/metabonome
Lee PLoS One 2013

HPV infection/CIN:

Immunological function

Microbiome/metabonome

Castanon BMJ 2012
Kyrgiou BMJ 2012 (Editorial)
Lee PLoS One 2013
Arbyn BMJ 2012 (Editorial)
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Variation in the Cx V/L & % of excision…

European Group

Cx Deficit & perhaps 

gestation correlates to 

%V excised…



Cancer

High-grade SIL

(CIN 2-3)

Low-grade SIL (CIN 1)

Subclinical HPV infection

*The number of cases (USA data) and percentages in each disease category are estimates.
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Psychological Morbidity

• TOMBOLA study (Trial of 
Management of Borderline & Other 
Low grade Abnormal Smears)

- women with LG smears report anxiety 
levels similar to those found by other 
studies in women with HG smears 
when referred to colposcopy

- Young women suffered more anxiety 
compared to older women



• Short term :

- Peri-operative pain

- 1ary haemorrhage: <1% 

- 2ary haemorrhage up to 14d after due to infection 

• Long term : 

- Cervical stenosis mainly with CKC  

- Inadequate colposcopy or deep excisions

- Fertility & obstetric outcomes

Complications



 Studies % cases % controls R.R 

LLETZ 

Preterm delivery 8 11% 7% 1.70  (1.24-2.35) 

Low birth weight 6 8% 4% 1.82  (1.09-3.06) 

Laser cone 

Preterm delivery 6 14% 10% 1.71  (0.93-3.14) 

Preterm rupture of 

membranes 

3 15% 6% 2.18  (0.77-6.16) 

Knife cone 

Preterm delivery 8 14% 5% 2.59  (1.80-3.72) 

Low birth weight 4 12% 7% 2.53  (1.19-5.36) 

Laser ablation 

Preterm delivery 3 9% 10% 0.87  (0.63-1.20) 

 

 



Wright TC et al Vaccine 2006
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HPV-related biomarkers positivity rates before Tx

And CIN Grade at 1st Tx
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Specificity for each single Biomarker at Post Tx time Visits  (CIN 2+)  

(Treatment Failure Cases)
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HSIL

AIS

AGC

ASCUS

LSIL

2,5 %

risk CIN 2+: > 50%

Colposcopy

7 %

risk CIN 2+ ≈20%

Repeat cytology?

Colposcopy ?

HPV testing ?

Low grade cytology: primary triage

Tsoumpou I, Founta C, Karakitsos P, Kyrgiou M,  Valasoulis G, 

Gritzelli S, Zilakou E, Arbyn M, Martin-Hirsch P,  Koliopoulos G, 

Paraskevaidis E






